31 MAR 1005 -1 QUEUE MANAGER FOR A BUFFER Field of the Invention This
invention relates generally to managenent of queues of data being received
froman outside source and inputted into a device for further procg$sMARg(s
In more particular aspects, this invention relates to an inproved DRAM
used in conjunction with a FIFO buffer for controlling the queue of _
recei ved data. Background of the Invention There are many applications in
which data is received at a higher rate_yghan it can be utili zﬂmm“mwmmu“\m\““\
particul ar device for short periods of time, thus nepeSfltgtl n e

data for orderly input int ' Sm% to be used. «wsigomon
type of queue is first-in, a}m %ﬁm éfh?b:@llﬁ}n ch tenporarily -
store the data being received fromsone outside source for mpthﬂmumumumlmnm
receiving device at a rate the receiving device can accommodat e.li !
the problens encountered is that Mﬂ_&ﬂm may exceed their cap@sity
to store data inputted faster than it can be outputted. Thus, there is a
need for a technique for managing data in an orderly way w th mni num _
overhead for peThedaveiiohirsRteshRAeralle fo nthahgen@it 09 quBidit dedhta %e?xﬁ?@éé‘*&e& han

t he st oragI«:;‘r capacity of the FIFO buffer or buffers. Summary of .
| nventi on irom an outside source and inputted into a device for further processing. In more particular

aspects, this invention relates to an improved DRAM used in conjunction with a FIFO

buffer for controlling the queue of received data.

Background of the Invention

There are many applications in which data is received at a higher rate than it can be
utilized by a particular device for short periods of time, thus necessitating queuing data for
orderly input into the device on which it is to be used. A common type of queue is first-in,
first-out (FIFO) buffers which temporarily store the data being received from some outside
source for input into the receiving device at a rate the receiving device can accommodate.
One of the problems encountered is that the FIFO buffers may exceed their capacity to
store data inputted faster than it can be outputted. Thus, there is a need for a technique for
managing data in an orderly way with minimum overhead for periods of time when such

data being inputted is greater than the storage capacity of the FIFO buffer or buffers.

Summary of the Invention

According to a first aspect of the invention there is provided a queue manager for
managing data input to a system from an outside source, comprising:

an input FIFO buffer for receiving and storing data items from said outside source;

an output FIFO buffer for receiving, storing and outputting data items to said
system,;

a memory storage device interfacing with said input FIFO buffer and said output

FIFO buffer; and



According to a first aspect of the invention there is provided a queue
manager for nmanagi ng data input to a systemfrom an outside sourcz,
conprising: an input FIFO buffer for receiving and storing data it ﬂBMMZBﬂﬁ\
sai d outside source; an output FIFO buffer for receiving, storing and
outputting data itens to said system a nmenory storage device interfacing
with said input FIFO buffer and said output FIFO buffer; and 31 MAR 2005
- la a control mechanismto selectively wite data fromsaid input FIFO
buffer to said nenory storage device a_nl%_read data from said nenory
storage device to said output FIFO buffer; wherein said control nechanism

i ncludes logic to connect said input FIFQ buyffer to kB said output FIFO,
buffer until st W’E‘iﬁ’?ﬁlﬁch?—‘}l%tﬁlﬁ&?@ive&w itg H%ta frogn gaid;ippyt FIFOqkEr dp said

amount  andnsab iBRYE dEVEO AT 8T da frbl S5 hikarPSER08: BEREELSSHINGHput
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anmount, and tHhereafter connect said I nput FIFO er-to sai :
st orage dekiFOebufferi | said nmenory storage device is enpty and sai d out put

FI FO buf f [ ty, dth onnect id input FIFO huffer to said
out put - FI FO bur Ve s gpatmiReG R aeisha-siogbep comech il b EMR b Rere | s
provi ded aaebiiget FIFO LURBAHAMIsHR btpul BHFO ARy 3Y FURHth TOM R Prafétimilfed

source, conprising the steps of:
amount and said input FIFO buffer is filled to a second predetermined amount, and

thereafter connect said input FIFO buffer to said memory storage device until said memory
storage device is empty and said output FIFO buffer is empty, and then connect said input
FIFO buffer to said output FIFO buffer.

According to a second aspect of the invention there is provided a method for
managing data input to a system from an outside source, comprising the steps of:

providing an input FIFO buffer for receiving and storing data items from said
outside source;

providing an output FIFO buffer for receiving, storing and outputting data items to
said system,;

providing a memory storage device interfacing with said input FIFO buffer, and
said output FIFO buffer;

providing input data to said input FIFO buffer and output data from said outbut
FIFO buffer, and

controlling the data flow so as to connect said input FIFO buffer to said output
FIFO buffer until said output FIFO buffer is filled to a first predetermined amount and said
input FIFO buffer is filled to a second predetermined amount, and thereafter connecting
said input FIFO buffer to said memory storage device and said output FIFO buffer to said
memory storage device until said memory storage device is empty and said output FIFO
buffer is empty, and then connecting said input FIFO buffer to said output FIFO buffer.

A bandwidth conserving queue manager for a FIFO buffer is provided, preferably
on an ASIC chip and preferably including a separate DRAM that maintains a FIFO queue
which can extend beyond the data storage space of the FIFO buffer to provide additional

data storage space as needed. FIFO buffers are used



providing an input FIFO buffer for receiving and storing data itens grom
said outside source; providing an output FIFO buffer for receiving,d1 MAR 2005
storing and outputting data itenms to said system providing a nenory
storage device interfacing with said inpuy FIFO buffer, and said output

FI FO buf f er¢n proVildi angp iongere addt@rita salbid aRut ekt fider yt .data
from said out put FI FC? buffer, and contrgj)l I :ﬂng eEmE:@ J%I lé ()a\qullgéjto?fH &5 of
connect saj d°inpii doF P@ %\Eﬁ@@mct@rm fdﬂdnitlputthel’éhﬁ“@sbm heditiomnd idhtaSedfloe

out put FI FO. p\uf a first predeterm ned anpunt and said

dt
i nput FI FO bufTIe r PLO ci\l‘ff é 10{15ht‘ablglg(§(§wda$rs§a@tlgﬁlm HES birffrunts exaceded, data

thereafter gcenrgehing t buffer to s st orage device
and sai d out put FI]I£O B%?aggrdtngﬁ]% adgll“F%' AJI iy %raé? éjé%eﬁtg\ly %@Wﬁpdsm d
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then connecting said input FIFO buf?er to said lnoltﬂltqupgﬁla—%ebfo??ﬁg&‘%gth
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preferably ;an. ly inclu a separate M t hat
maintains a. FIT—% uéte%ﬁjeqn%mrgt ggﬁ tx@m %Bmﬂogﬁ@gﬁﬁéﬁ% ﬁledi)&éé/[ spubea of
the FIFO buﬁ;ﬁametc@lpob@vucdﬁb@@&iﬁe'd%ah A@ﬁﬁahﬁé a5 jneeded. FIFO
buffers are used 31 MAR 1005 2 on the ASlC tlg1 g%lg?elpsgﬁ%nf’%'tlwmatﬁul tiple
queue ent r ilE¥n URFIFQrimfGs ot bidfarpt al si ze of the queue does not exceed the
storage availably in the buffers, no additional. data storage 1is needed.
However, when the buffer storage. space in the FI FO buffers is exceeded,
data are witten to end read fbgg@” nnao?%ébP @ odata storage, preferably

a ‘DRAM and preferable in packets ~ i mum si ze for
mai nt ai ni ng peak performance of the data stor age device and which are

witten to the ta stor |ce|n such a way that they are queued in a
first-in, first q%ﬁre ?ﬁ ?Z%%ﬁgfévcf Qﬁé@‘%?atéfd‘ﬁ?‘és%fége styseurpRANiecamaged BRAM

separate chigue mndgtr 68th8 pRRd(QAVBH RN the ASIC. In either case, its menory
is separate fromthe FI F% buf fer or buffers. Description of the Draw ngs

tgure 2 is a detailed view, somewhat diagrammatic, of the input FIFO buffer, and

4

Figure 3 is a detailed view, somewhat diagrammatic, of the output FIFO buffer.

Description of the Preferred Embodiment

Referring now to the drawings and, for the present, to Figure 1, an overview of the
structire and operation of the bandwidth conserving DRAM queue manager according to
the prasent invention is shown. The queue manager is formed on an ASIC chip 10. The
Gieuz manager receives data input 12 from an outside source which is inputted to an input
FIFO first-in, first-out) buffer 14 in which the data is arranged in a queue. Data 16 is
cuatpuzied from the input FIFO buffer 14 to a memory interface 18 and to a multiplexor
Mux 20, The memorv interface 18 connects to a DRAM chip 22 which is a separate
caip. However, the DRAM could be formed on the ASIC 10.) The multiplexor 20 is
contro.led by multiplexor control logic 24 to output data 16 from FIFO buffer 14

weetvely to the DRAM chip 22 or to an output FIFO bufter 32. The FIFO buffer 32
Crpuis data 2< 1o the device (not shown) to which data is bemg supplied.

In general, the queue manager shown in f “igure 1 operates in the following manner:



Figure 1 is a high level diagrammtic view of the structure of the managed
DRAM queue manager of the present invention; Figure 2 is a detail ed 1/iMARV2005
somewhat di agrammatic, of the input FIFO buffer; and Figure ~is a
detailed view, sonewhat diagramatic, of tBe output FIFO buffer.

Descri pti on Ra {ho lerwritien o thelypdiersnnpiRetien tengon OV oufrhe) drawi ngs and,
for the pre%aqniI ’{LQ:E&?U{G 1,.an overview of the structure and operation
of the bandwidi'® ‘Cohd&t TR g0 BRAM (st Rk s 2 g6 cotdicnigrtid mentre: pnesant

i nvention i 38%R9Wn. 3 3 : r.hs.fornmed on an ASIC chip 10. The
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i nputt ed to2dnepapiute orFhviEhéd drsiot tHare Kieh 8 iPyff; i Jich the data
is arranged in a queue. Data 16 is ~~out§Lp%\?tH$é%jlI?ﬁgr{ﬁﬁ%tﬁﬂi)r@ﬁﬁﬁ Fl ‘I‘—*bh@‘ﬁffer
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interface 18 lﬁp(ggggjts to g DRAIN chip 22 which is a separate chip. However,
t he DRAM cotl B tBis ORditAg) e 1whatherrke inpntilFOduSler 20andouporirol | ed

by mul ti pl exoff i data 16 froth FIFO_ huffer 14
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buffer 37 othepuissnatatiata3d be siotdueindy inpat KINOtbuSROWInd Sk E‘?F‘o%b@r ks t}‘R#ng
suppl i ed. L&lﬁﬁgneral, t he e%ueue manager shown in figure 1 operatés™Tn the
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then to the Mchitpth2 2atads eadtiFoeh HRORXM be I control
logic 24 d&lQ%ndi ngl on whet her or not there i%g%ggﬁ hatﬁg%}q}oﬁlmeer a}cﬁpi?t
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an eternal §eyf = I control |l ed based on this condition;

i.e., whet her@;t;%gnti %ﬁ?ﬂgﬁgdzzgqeﬁgf @PQ?Q?IT&W%W%GP”PF gess miereeeda2 are ful

or at | eastprhwletal qpedstditht mpdt PROCRITEARAE 204 pag | b en there
tored in the input FI FOabwgfﬁgr 15623#5%%)@35?8%?#50

is nore datat(r%“beg _
bttffer 32 HHEN FYREARVRIEY Pefli 14 daectivie thaoutiR0 FERD buffer Wata to be

witten to the exéesRalwiBNRE ¥ous 8 and the datg is then stored
in the DRAM chip 2\2. As the ouf Bﬂétr}gﬁé{f@ﬁ%&n&rmp fdie§c?e§é§1ecf&f3?“t"ﬁé data is
read froth Rredet@RAMIRIgENRRe ol capagity bR thelBIRIFYFO Bl s T @ACHd thfouth{}& o8t Put

FI FO bufferbu:ﬁ%rg@qﬁé ﬁhh% cantr ol %f the tnux control logic 24." Thus, as
long as the andunt of CiABUE “a4Ea by SheyappiglF @dutler bt to tha DRAMIchid 225 0ur ce
does not exkeagh the RERSSiRCEHBES: CAPRG HY ﬁgg he,i.nput FI FO buffer 14 and

out put FI FO buffer 32, [?He data i's passe C%1Pozt2ﬁygﬁlecuirﬁg‘.?tbeli‘iwl’ﬁ@’bﬂntdfﬁeé"? 14

directly t SN s E(ﬁt-om ROl cbetigu®Rs addresses so that address mapping is not required
as in a conventional cache memory. The data is written to the input FIFO buffer 14 from
the external source and to the output FIFO buffer 32 from the input FIFO buffer 14 one
data item at a time. However, preferably the data is written to the memory interface 18
and thence to the DRAM chip 22, and read from the DRAM chip 22 by output FIFO 32 in
bursts of multiple data items to utilize t,he optimum transfer rate of the DRAM chip 22.
Moreover, because the DRAM is arrang-éd‘so that it 1s ordered on a first-in, first-out basis.
the burst capabilities can be used and no address tags need be applied to the data written
thereto. Thus, for example, the data can be written to and read from the DRAM chip 22 in
data packets of three items, rather than have to read each data item individually »v
address. Itis also preterred that the DRAM be a DDR (double data rate) DRAN!. Double

e - M ' e [ y [
data rate DRAM allows twice the data bandwidth for a ginen number of 1O pins on the



However, when the amount of data 12 being inputted exceeds the capaci tsyrgr
predeterm ned percentage of capacity of the input FLFO bttffer 14 and“t'h ARZUUS
output FIFO buffer 32, then the data is witten by the input FIFO buffer
14 to the DRAM chip 22 through the tnetnbry interface 18. The DRAM chip 22
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The multiplexor 20 s controlled by the multiplexor cosrol 10gic 24 in the

following way: Inivallv. datz 12 is inputted to the input FIFO cueuz in the FIFO buffer 14
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i . diff t bus dths may bhe desirable especially if a
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bandwi dt h ihshARLE! FiFBRL,RY 14 t1'1sequ}’io(%“caqup%}c ar'xtdhtﬁgdata storage in output FIFO buffer 32

L is full or empty and to control the operation of the mux 20 accordingly. The read and

o write and comparator in the DRAM operate in the same way. (It should be noted that in
some applications a linked list of data items can be used rather than read and write
pointers).

The bus width of the interfaces to the input data 12 and output data 34 can be the
same as the bus width at the memory bus interface, However, different bus tdths mav be
desirable, especially if a DDR DRAM is used. The trade-off which must be made based

on the particular application is the amount of on-chip buffering which will be provided
:silicon area) versus the efticiency of the data transfer (bandwidth). In most cases, the

bandwidth is more important. The maximum bandwidth is determined by the width of the



31 MAR 1005 6 DRA[vI interface and the rate at ~~~hich it can adea{g
commands and data. Then rates area property of the DRAM and the (]tW\Ri?QDS
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the m ni numg 1glket (&) vided e data i.tem |zet|thesfour
(The i nput agr?ga%fagﬁl?ellﬂ@éé é%@% n\gg ]P%S% SUes Ajeah ¢lghegh &H&‘f ¥ Wobiremor y

packets wompthicofardiahmmui phoke ypREduzed (O RREeH alil e of this
i nvention, data is read into the CEnput F]FO Bu%lT@?X%uﬁ B%%(ﬁ\l\éh e“tsrab

source and A& harandrastpuit datm Mheiditspuiil BLAG buditared b4 thd g rll&lﬂap&[}g%{mﬂfo
buf f er 32%§ Iong as the out ﬁ} fJFObuffer 32 is not ful
out put FI FO{FRBIE 159N the- kel Poyffer szrawhich \fouslie (e FOnipufh IR AN ek orgs:

hal f fall th FLEQ buf fer 14~ t
wite data torhg BRARRCR, 53 BRA Y Mo fendbtisul Hetketwurreerosa 1o

read data ﬁblcrtmsﬂmeeDRAhdkmbhppa%RetsWtﬁthCUﬂdﬁm from the out put FIFO buffer 32
is outputted as_output 34. When the out put FI FO buffer 3? and the DRAM
c(Tip 22 are enﬁf’?”mtnr?é‘ZFﬁh&owttmféhfaddvmftthemmpMn dhe @ bdatifigo A4 to

ite d huffer 32. Thtts, the DRAM chip 22 act
55 an addi Fronel O Bt o Eien Sl hsChat 5 vl fir (FSingy GGy ban nput

FILFO buf f efo thé oatpat Bmwffd?ljécasl {s@he S&pGATFHANR 05 .7 What
is claimed is: I‘JJEO b@ eue manag ed?“gff or tFnanggl ng dafflgp?znlps?i}%tw ‘%%/%f}éem from

an out si de®4Bi Hp? |b§q:q1@es fyH apd;ﬁmmﬂtﬁ@@lbﬁfferr 14 lsgcomes aalvinag (pnd
ecei ving. ox o e and AR Bl 80 T MEE R Sedb o DRAN chip 22 and
allows the output FIFO buffer 32 to read data from the DRAM chip 22. The output from
the output FIFO buffer 32 is outputted as output 34. When the output FIFO buffer 32 and
the DRAM chip 22 are empty, the mux 20 then allows the input FIFO buffer 14 to write
directly to the output FIFO buffer 32. Thus, the DRAM chip 22 acts as an additional
buffer space when the data input 12 is greater than input FIFO buffer 14 and output FIFO

buffer 32 can handle.



system a nenory storage device interfacing with said input FIFO buffer and
said output FIFO buffer; and a control nechanismto selectively W'”Mﬁﬁﬂ%
fromsaid input FIFO buffer to said menory storage device and read “dat®
fromsaid nenory storage device to said output FIFO buffer; wherein said
control mechani smincludes logic to connect said input FIFO buffer to said
output FIFO buffer until said output FIFO buffer is filled to a first
predeterm ned anpunt and said input FIEQ buffer is filled to a second
predeterm ned amount, and thereafter connect said input FIFO buffer to

sai d rrermr;w%tor alge E%ev,i ce until said nenory storage device is enpty and
sai d out put R i s enpty, and then connect said input FIFO buffer

to said outiput B gRRUAERIger For HARadiRY AHal PPufR JefLBEdEbA & Bl Bleci N
said data is stor gd in saigc?riﬁr)lrput ?‘—%ﬂli—% buf Plelr ang’fysaﬁd out put E}dﬁg%u fer
as data it €AmpudNg said control circuit includes circuit logic to wite

ol pl e pachdtref B BiEe e Reervine e horecls e sdomaR s e scores m 2
\gher ein said MegRraLfilt FRELHEEM £ ﬂeéeiviﬁg,nétioﬁﬂgeﬂldt %Eﬁtﬁﬁ%%@d gfe}ntseto?%@ In
urst node. 4. The invention as defined irnh clafm1 rern said nmenory
st orage devysemj ncl udes at |east one DRAM chip. 31 MAR 2005 -8
a memory storage device interfacing with said input FIFO buffer and said output
FIFO buffer; and
a control mechanism to selectively write data from said input FIFO buffer to said
memory storage device and read data from said memory storage device to said output
FIFO buffer;
wherein said control mechanism includes logic to connect said input FIFO buffer to
said output FIFO buffer until said output FIFO buffer is filled to a first predetermined
amount and said input FIFO buffer is filled to a second predetermined amount, and
thereafter connect said input FIFO buffer to said memory storage device until said memory
storage device is empty and said output FIFO buffer is empty, and then connect said input
FIFO buffer to said output FIFO buffer.

2. The invention as defined in claim 1 wherein said data is stored in said input FIFO
buffer and said output FIFO buffer as data items, and said control circuit includes circuit
logic to write data to said output data buffer and read data from said input FIFO buffer in

multiple packets of data items.

3. The invention as defined in claim 2 wherein said memory storage device is

configured to read and write data in burst mode.

4. The invention as defined in claim 1 wherein said memory storage device includes
at least one DRAM chip.



5. The invention as defined in claim1 wherein first predeterm ned 3;31{munt
is conpletely full and second predeterm ned anount is one-half fulld &AR 3o
i nventions defined in claim1l wherein said control nechanismincludes a

mul tiplexor. 7. The invention as defined in claim4 wherein said DRAM chip
is a double density DRAM chip. 8. A nethod for managing data input to a
system from an outside source, conprising the steps of: providing an input
FI FO buffer for receiving and storing d_aga itens fromsaid outside source;
provi di ng an out put FIFO buffer for recelving, storing and outputting data

items to said ste rovi di nenpr. torage qgevice . interfacing with
sai d i nputgFI FSCSY u I%Ueepgoﬁr?a g%ﬁﬁgoﬁlt gfﬁu}/lF? F@B%‘%’fnf gﬁ?t Breggieaning i?’fB?gf’lmd‘ét a
to said i ngusipléttiyQulldhd Sdcond PreabicRittned amduhti9 Bh&phidt rayt put FI FO buffer, and
controlling the data flow so as to connect said input FIFO buffer to said

out put FIFO buffer until said output FIFO buffer is filled to a first

pr edet er m ped u nd said iLnput, .FI EQ buffer .i.s filled to.a second
predeterm’%ed %eu%ke lfiltélonn ?%@nggt%?l%&nw Wi%@algaﬁoﬁtrpL&ﬁC}lﬂl% 16‘61?15%% %o
sai d nenorpiukipixage device and said output FIFO buffer to said nenory
storage device until said nenory storage device is enpty and said out put
FI FO buffer is enpty, and then connecting said input FIFO buffer to said
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data itensDRAMIckipta is witten to said output data buffer and read data
fromsaid input FIFO buffer in multiple packets of data itens.
8. A method for managing data input to a system from an outside source, comprising
the steps of:
providing an input FIFO buffer for receiving and storing data items from said
outside source;
providing an output FIFO buffer for receiving, storing and outputting data items to
said system;
providing a memory storage device interfacing with said input FIFO buffer, and
said output FIFO buffer;
providing input data to said input FIFO buffer and output data from said output
FIFO buffer, and
controlling the data flow so as to connect said input FIFO buffer to said output
FIFO buffer until said output FIFO buffer is filled to a first predetermined amount and said
input FIFO buffer is filled to a second predetermined amount, and thereafter connecting
said input FIFO buffer to said memory storage device and said output FIFO buffer to said
memory storage device until said memory storage device is empty and said output FIFO

buffer is empty, and then connecting said input FIFO buffer to said output FIFO buffer.

9. The invention as defined in claim 8 wherein said data is written to said input FIFO
buffer and said output FIFO buffer as data items, and data is written to said output data

buffer and read data from said input FIFO buffer in multiple packets of data items.




31 MAR 1005 -9 10. The invention as defined in claim8 wherein data is
witten to and read from said nenory storage device in burst node. :i’L?l] A;b’he
invention as defined in claim8 wherein said nenory storage device MAR a5
at | east one DRAM chip. 12. The invention as defined in claim8 wherein
said first predeterm ned anmount is conpletely full and said second
predeterm ned anmount is one-half full.

-9.

10. The invention as defined in claim 8 wherein data is written to and read from said

memory storage device in burst mode.

11. The invention as defined in claim 8 wherein said memory storage device includes
at least one DRAM chip.
12. The invention as defined in claim 8 wherein said first predetermined amount is

completely full and said second predetermined amount is one-half full.



